Protein-rich subceliular particulates were isolated by zonal centrifugation from homogenates of endosperms of normal, opaque-2, and floury-2 mutant corn (Zea maize) kernels at different stages of development. In early stages the high lysine mutants vary from normal corn by greater production of a glutelin protein not associated with the matrix. This protein is high in lysine and may become a component of matrix glutelin at later stages of maturity. Differences in size and structure of zein-rich protein bodies were observed in the mutant strains when compared with normal corn. Enhanced production of nonmatrix glutelin as well as the reduction in synthesis of lysine-deficient zein is responsible for the improved lysine content of the mutant endosperms at early stages of development. hybrids (6, 9), while the fi mutant also exhibits a higher than normal methionine content (9). These differences have been attributed to a shift in the relative contents of protein classes in endosperm of mature grain. There is a decrease in the ratio of alcohol-soluble zein, which is deficient in lysine and tryptophan, to alkali-soluble glutelin, which contains moderate levels of those amino acids (4, 6, 7, 10 
The o2' and f12 mutants were shown by Mertz et al. (6) and Nelson et al. (9) to cause a marked change in the amino acid patterns of corn endosperm protein. The lysine and tryptophan contents of mature grain from both mutants are appreciably greater than those of normal corn similar to ordinary commercial dent hybrids (6, 9) , while the fi mutant also exhibits a higher than normal methionine content (9) . These differences have been attributed to a shift in the relative contents of protein classes in endosperm of mature grain. There is a decrease in the ratio of alcohol-soluble zein, which is deficient in lysine and tryptophan, to alkali-soluble glutelin, which contains moderate levels of those amino acids (4, 6, 7, 10) . Microscopic sections of corn endosperms also reveal that in 02 the number and size of zein-rich protein bodies are reduced and that the amount of matrix protein is increased (14, 15) . Murphy and Dalby (8) Figure 2 .
The amounts of soluble proteins (Fig. 2 , zone I) for both Particulate proteins were separated on small scale into zones on a linear 15 to 70% sucrose gradient. Portions of dispersion from 15-, 20-, and 25-day-old endosperms applied to the sucrose gradient contained the same amount of nitrogen (50 mg). Sequential fractions of 2.5 ml were withdrawn from the top of the tube and diluted with 4 ml buffer to reduce sucrose density before collecting particulates by centrifugation. Particulates in each fraction were redispersed by sonication and analyzed automatically for protein as a-amino nitrogen after alkaline hydrolysis (solid line). Supernatants containing soluble protein and free amino acids were similarly analyzed (dotted line). Sedimentation positions and identifications of peaks are as indicated in the figure. 4.
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. (Fig. 3, C and much smaller than protein bodies in normal endosperm (Fig. 3A) . Free protein bodies from normal and 02 endo are spherical and fairly uniform in size. In contrast, frI tein bodies from Xf endosperms have distorted shapes an widely in size. Matrixed protein bodies (Fig. 3, B , D, are surrounded and associated with amorphous gluteli tein, which partially masks their individual shapes.
Proteins in Isolated Particulates. Figure 4 summarn distribution of zein and glutelin proteins in the parti from the three corn genotypes at 25 days' developmenl III is primarily zein, and zone IV is a mixture of ze glutelin which was fractionated by solvent extraction. I mal endosperm at 25 days, more than 70% of the total insoluble protein from zones III and IV is zein whil these zones in 02 and fi, the proportion of zein is reduced to 39% and 48%, respectively. Thus, both high lysine corn tissues contained almost double the amounts of total glutelin proteins (zone II and zone IV) than does the normal. Most of the glutelin isolated from o, is glutelin II, whereas fl has a greater amount of matrix glutelin. At 25 days, glutelin II constitutes 51% of the total insoluble protein in 02 and 22% in fl2 in contrast to only 11 % in normal corn endosperm. The matrix glutelin content of the fl2 endosperm tissue at this stage of maturity is greater than that of either normal or o2.
As reported previously, the considerable differences in amino acid composition of zein, matrix glutelin, and glutelin II isolated from normal immature endosperm (3) were also apparent in fl2 and 02 endosperm (Table II ). These differences in composition of proteins, in conjunction with differences in amounts of the various classes of proteins, are responsible for variations in total amino acid content of mature endosperm. As shown in Table II , glutelin II from all three corn genotypes contains more lysine and arginine and less leucine than matrix glutelin. The similarity in amounts and ratios of amino acids in glutelin II from all three genotypes suggests that it is a distinct type of protein. Endosperm proteins were isolated at 25 days maturity by zonal corn. centrifugation as described in Figure 2 , and hydrolyzed by reflux ly and in 6 N HCl (2 ml/mg sample) for 24 hr. Amino acid composition !5 days was determined with an accelerated Phoenix amino acid analyzer ntation and calculated on an IBM model 1130 computer (2) (5, 8, 11, 13) .
Decreased zein production in high lysine mutant strains has been associated with smaller and fewer protein bodies in these endosperm. We confirm these conclusions. Wolf et al. (14) have shown the absence of protein bodies in mature fl2 corn. However, small oddly shaped protein bodies were isolated from immature fl2 corn kernels. On the basis of these findings, it is concluded that the protein bodies of fl2 corn are disrupted during grain maturation.
The increase in glutelin II synthesis might be as significant as the repression of zein production in 02 and fi2 corn endosperm for improvement of nutritional quality of corn protein.
Information is needed on the sites of biosynthesis and mechanism of deposition of zein and glutelin II protein in order to further explore genetic control of their production.
